Behavioral and physiologic responsivity to nasogastric gavage feeding was assessed in 36 preterm infants on 2 consecutive d. On one of these days, a pacificr was provided during and after the gavage segment of the standardized protocol. The protocol was divided into segments that included baseline, preparatory handling, prcgavagc, gavage, and postgavage periods. Patterns of cardiac (heart period and vagal tone), oxygen saturation, behavioral state, and defensive behavioral responses to gavage were quantified. Thcsc stable pretcrm infants responded to handling and gavagc feeding with reductions in heart period, vagal tone, and oxygen saturation. Thcsc responses were not altered by provision of a pacifier, although there was a tendency for fewer episodes of bradycardia and oxygen desaturation. Conversely, behavioral state was affected Infants w h o remain hospitalized after the initial postpartum period are exposed to multiple iatrogenic stressors during neonatal intensive care and are vulnerable to the potentially destabilizing effects of these events (1). Such vulnerability is manifest in disruption of physiologic stability after medical and caregiving procedures. Effects on blood oxygenation have been the most frequently investigated responses in these infants. Decrements in blood gas levels in response to both noninvasive procedures, such a s weighing, diapering, neurobehavioral examinations, and preparatory handling and cleansing before lumbar puncture, as well a s to invasive procedures, including blood sampling, endotracheal suctioning, and lumbar puncture, have been documented (2-7). significantly by nonnutritive sucking: when provided with a pacifier, infants exhibited less behavioral distress, spent less time in fussy and active awake states during and after feeding, and returned to a sleep state significantly faster. There is converging evidence to suggest that nonnutritive sucking lessens behavioral distress to iatrogenic stressors but docs not alter physiologic responsiveness. 
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significantly by nonnutritive sucking: when provided with a pacifier, infants exhibited less behavioral distress, spent less time in fussy and active awake states during and after feeding, and returned to a sleep state significantly faster. There is converging evidence to suggest that nonnutritive sucking lessens behavioral distress to iatrogenic stressors but docs not alter physiologic responsiveness. Abbreviations NICU, neonatal intensive care unit RSA, respiratory sinus arrhythmia V, vagal tone HP, heart period SpO,, arterial pulse oxygen saturation Cardiac functioning also changes in response to stressful procedures, although there has been less neonatal research in this domain. Preterm infants respond to both lumbar puncture (specifically, to the onset of handling) and gavage feeding with changes in vagal tone (6, 8) . In addition, vagal tone is suppressed in response to circumcision in full-term neonates (9). In these studies, vagal tone is measured by estimating the amplitude of the RSA, which provides a noninvasive estimate of the degree of neural control of the heart. In general, heart rate accelerates and the amplitude of RSA decreases during stressful events (10, 11). Withdrawal of parasympathetic (i.e. vagal) tone has been implicated a s the most significant mediator of physiologic instability after stressors in immature infants (10) .
Substantive efforts have been directed at ameliorating iatrogenic stress in neonates. The most well-studied intervention has been provision of a pacifier during stressful procedures. Nonnutritive sucking lessens behavioral distress to aversive procedures, helps organize state (12) (13) (14) (15) , and has been associated with increased transcutaneous oxygen tension (16). Of particular interest has been the potential therapeutic effect of nonnutritive sucking during gavage feeding. Orogastric or nasogastric gavage feeding is the most common form of enteral feeding for infants before approximately 32 wk postconceptional age. Coordination between sucking and swallowing is often too immature at this age to allow nipple feeding. Routine provision of a pacifier during gavage feeding has been associated with accelerated clinical progress (17) (18) (19) , although this conclusion has not been supported when nutrient intake has been controlled (20) .
The purpose of this study was 2-fold. The first goal was to investigate the physiologic and behavioral effects of provision of a pacifier during gavage feeding. To do this, subjects were tested under standardized conditions and served as their own controls. The second goal was to investigate comprehensively the effect that a specific NICU procedure, gavage feeding, has on behavioral and physiologic function in preterm infants. Intermittent gavage feeding provides a useful vehicle in this pursuit, because it is a moderately stressful but routine event that is not confounded with illness, as is lumbar puncture, or restricted by sex, as is circumcision. Full-term infants were excluded from this study because postnatal hospitalization and gavage feeding of full-term infants indicate serious medical, as opposed to developmental, concerns. We predicted that 1) clinically stable preterm infants would demonstrate parasympathetic withdrawal (characterized by lower vagal tone and faster heart rate) and behavioral reactivity (characterized by increased fussiness, decreased sleep, and increased defensive responses) to gavage feeding and that 2) nonnutritive sucking would lessen this response.
METHODS
Subjects. Subjects were recruited from a level I11 NICU in a university-affiliated urban hospital. The research protocol was approved by the institutional review board at the University of Maryland, and parental consent was obtained for research participation. Subject selection criteria included all infants born at 534 wk gestational age weighing between 1000 and 2000 g without any of the following conditions: major congenital anomalies, renal sepsis, surgery, medications with central effects, or seizures. In addition, because persistent mechanical ventilation is associated with severe respiratory morbidity, infants were excluded if they required continuous ventilation for more than 2 wk. Forty-seven subjects were recruited. Eight of these infants progressed to bottle feeding before beginning the study protocol and were excluded from the study. Three infants completed only 1 d of the protocol (gavage with or without pacifier). The final sample consisted of the remaining 36 infants. Perinatal and maternal characteristics of the sample are presented in Table 1 . In addition, the Hobel neonatal scale (21), a cumulative risk scale that weights specific medical complications (e.g. respiratory distress syndrome, resuscitation at birth, feeding problems), was scored on study entry (mean Hobel score = 42.8; SD = 12.5; range = 20-70). Additional morbidity information on the sample is as follows: intraventricular hemorrhage (grade 1/11), n = 6; respiratory distress syndrome, n = 12; and patent ductus arteriosus, n = 1. Eleven (31%) of the infants required mechanical ventilation; all of these had been intubated on the first day of life but were no longer intubated at the time of testing.
Procedure. Data were collected around a scheduled gavage feeding on 2 consecutive d. All infants were on room air at the time of testing. Treatment (pacifiertno pacifier) was counterbalanced randomly over the 2 d. Data collection began 15 min before the feeding and continued 15 min after the feeding or until the infant returned to a sleep state for 5 consecutive min. On the pacifier condition day, the pacifier was placed in the infant's mouth immediately after the tube was inserted, and it remained there through the feeding and the postfeeding recording. The pacifier was a commercially available pacifier designed for use with preterm infants. Sucking was encouraged periodically by gentle, rhythmic stimulation of the pacifier. In seven of the sessions, the pacifier either fell or was ejected from the infant's mouth but was reinserted immediately. In two cases, the infant rejected the pacifier briefly, but it was reinserted successfully with some coaxing within 1 min. No session required termination because the subject refused to accept the pacifier, and all subjects sucked actively (i.e. visibly) on the pacifier for at least some portion of the feeding.
To standardize handling during feeding, care was provided by an investigator who is a licensed R.N. and neonatal nurse (R.M.C.). Immediately before the feeding, normal caregiving procedures were performed, including taking vital signs, diapering, and other minor interventions as needed. The gavage procedure consisted of removal of any existing tube, insertion of a new naso-gastric tube (either size 5 or 8 on both days), injection of 0.5 mL of air and aspiration of the gastric contents to ensure proper placement, passive passage of formula, and tube removal. The length of the feedings with and without pacifier were 11.7 and 11.2 min, respectively.
State data collection and quantification. State was coded every 30 s using Anderson's 12-level Behavioral State Scale (ABSS:14). This scale was designed for preterm infants and includes the following states: regular and irregular quiet sleep, active and very active sleep, drowsy, alert inactive, quiet awake, active and very active awake, fussing, crying, and hard crying. Interrater training on state scoring took place before the study began and was maintained during periodic reliability checks. A total of 30 15-min reliability trials yielded a reliability coefficient of 0.94 based on exact matching of state score.
The protocol was parsed into four segments for state analysis. The segments were baseline, preparatory handling, gavage, and postgavage. The following variables were created from the raw state data for each segment: percentage of quiet sleep; percentage of active sleep; percentage of quiet awake; percentage of active awake; and percentage of fuss/cry. Each of these final state variables combined two state subcategories in the 12-level scale, so reported results are comparable to those from other scales. In addition, the length of time it took for infants to return to sleep for 5 min after reaching at least a drowsy state during the gavage procedure was calculated.
Behavioral data collection. The presence of six defensive behaviors that occurred during the gavage procedure was recorded by both the data recorder and the nurse administering the procedure. Selection of these behaviors was based on clinical observations of infants during gavage feeding. They included facial grimacing, gross body movement of torso (i.e. squirming), pulling on gavage tube with hand, gagging in response to tube insertion, regurgitation of gastric contents, and high levels of limb and body motor activity (e.g. thrashing) reflecting generalized distress that could be characterized as "fighting" the procedure. These behaviors were summed to reflect intensity of behavioral response to gavage. Interobserver reliability was not calculated from the specific behaviors because of the relatively low frequency of some maneuvers; it was calculated instead from the overall summary score of total behaviors observed, because it was the summary score on which analyses were based. Interrater reliability, based on the 66 data collection sessions in which both the nurse and the data recorder scored this measure, was 0.83 based on exact matching of score. All other pairs deviated by no more than one scale score; scoring for discrepant pairs was based on the nurse's score, because she had the least-restricted view of the infant.
Physiologic data collection and quantijication. Continuous heart rate data were recorded on an FM tape recorder (Vetter model C-4, Rebersberg, PA) from the infant's existing ECG monitor. The data were digitized off-line on software that detected the peak of the R wave for each heart beat and quantified sequential R-R intervals in ms (i.c. HP). HP data were edited to remove movement artifact. HP data were quantified as 1) mean HP and 2) vagal tone. Vagal tone was estimated using methods developed by Porges (v) (22) . This measure quantifies the amplitude of the change in heart rate that is associated with breathing (i.e. RSA), which is mediated primarily by the vagus. The statistical methods needed to quantify v have been detailed elsewhere (23) , but briefly the analysis sequence includes 1) conversion of HP into time-based data by sampling in 200-ms intervals; 2) detrending of periodicities in heart rate slower than RSA with a 21-point moving polynomial; 3) band-pass filtering to extract the variance of HP within the frequency band of spontaneous breathing in the neonate (0.3-1.3); and 4) calculation of the natural logarithm of the band-passed variance, which served as the estimate of V. To increase the stability of the estimate, means of these values were computed in 15-s epochs.
In addition, transient bradycardic episodes during the gavage feeding were detected from the continuous data. A bradycardic event was defined as that in which HP slowed to more than 600 ms for at least one interbeat interval (i.e. to a heart rate of less than 100 beats per min). These events were brief, self-correcting, and should be distinguished from more profound episodes of bradycardia that often require intervention. The longest observed episode, starting from the initial increase in HP, through the lowest point of 600 ms or less, to recovery of baseline, was approximately 22 s. The portion of these episodes in which HP was actually less than 600 ms was very brief: it was always less than 10 s and often less than 1 s. However, because these episodes can artificially inflate estimates of V, the epochs in which bradycardia occurred were deleted from calculations of V.
SpO, was recorded simultaneously on a second channel of the tape recorder from a pulse oximeter signal (Nellcor model N-200, Hayward, CA) magnified by a high-impedance amplifier. These data were subsequently digitized, and the voltage output was converted to calibrated units ranging from 0 to 100% saturation. Oxygen saturation data were edited to remove movement artifact and were quantified as mean oxygen saturation level (SpO,). In addition, the number of oxygen desaturations were counted from the continuous data. An episode of desaturation was defined as any time the SpO, level dipped to below 80%. These episodes were brief but somewhat longer than the observed bradycardia. The majority were less than 1 min in length, with the time spent below 80% generally less than 20 s.
The physiologic data were parsed into five segments. These were undisturbed baseline (4 min), handling1 preparatory care (first 4 min during vital sign procedure), pregavage (4 min before tube insertion but after handling), gavage feeding (tube insertion through tube removal), and postfeeding (4 min undisturbed condition after tube removal). Means of the three physiologic variables were computed for each segment.
Note that data were parsed in different ways for state and physiologic analyses, based on the characteristics of the measures. Physiologic measures reflect rapid adaptation to events so the 4-min pregavage period was distinguished from the initial baseline period to permit more temporally controlled analysis of responsiveness to the gavage procedure. State measures, however, require a broader window of observation, and a 4-min period was judged to be insufficient to observe adequate lability in state. Thus, a pregavage period separate from the initial baseline period was not distinguished for state analyses.
Data analysis. Repeated measures analysis of variance was performed on the cardiac and oxygen saturation measures by treatment condition (pacifier or no pacifier) across the five time periods (baseline, handling, pregavage, gavage, and postfeeding). These analyses allowed examination of the effect of the handling and feeding in general on physiologic and state measures and whether these responses differed based on the use of a pacifier. A parallel analysis was conducted for the proportion of time spent in each of the five behavioral states by treatment (pacifier or no pacifier) across the four time periods (baseline, handling, gavage, and postfeeding). Paired t tests were used to determine univariate effects between adjacent intervals. The effect of the pacifier on the frequency of bradycardia and oxygen desaturations was tested by Cochran's Q, a nonparametric statistic that tests for differences in proportion of these events. The effect of risk factors on the efficacy of treatment was explored through post-hoc analyses, which are discussed in greater detail below.
RESULTS
Because the sequence of the treatment condition (i.e. nonnutritive sucking) was counterbalanced over 2 d, preliminary repeated measures analyses of variance were conducted to determine whether order significantly affected physiologic or behavioral results. It did not (all F values < 1-00), so subsequent analyses were conducted without regard to sequence.
Physiologic Measures
For the cardiac measures, there were a total of 32 subjects with usable (i.e. sufficiently artifact free) ECG data in each of the five epochs during both conditions; for the oxygen saturation data, there were 30 subjects with complete data.
Handling and feeding eflects. Both handling and gavage feeding had significant effects on HP, V, and SpO,. Mean values for both days (pacifier and no pacifier conditions) are collapsed in Table 2 . All overall F values for time were significant at p < .001. All three measures declined significantly from baseline during preparatory handling. v continued to decrease significantly upon tube insertion and gavage feeding, whereas SpO, increased at this time. Unlike the two cardiac measures, SpO, recovered to baseline level by the time the recording was terminated.
Nunnutritive sucking eflects. Provision of a pacifier did not change the effect of gavage feeding on any continuous physiologic measure, as demonstrated in the plotted data in Figure 1 However, more subjects had a bradycardic episode during the gavage period when they did not have a pacifier than when they did (bradycardia without pacifier: n = 8; bradycardia with pacifier: n = 1; Cochran's Q = 7.00; p < 0.01). Oxygen desaturation during feeding was a more common event: 22 infants desaturated during feeding without a pacifier, and 16 desaturated with a pacifier. This difference neared significance (Cochran's Q = 3.60; p < 0.06). All bradycardic events were accompanied by episodes of desaturation.
Effect of Risk Status on Treatment
Although nonnutritive sucking did not affect significantly mean physiologic levels for the group, it is possible that the treatment was effective for subgroups of infants. Risk status is a multifaceted condition, based on characteristics including size and maturity at birth and on postnatal medical complications. In addition, age at test can be measured in terms of both postconceptional age and postnatal age, and each may have implications for treatment efficacy. Although these measures tend to be interrelated, each may contribute independent variance to any observed treatment effects. The following four measures of infant risk status were selected for post-hoc analyses: birth weight, postconceptional age, Hobel scale, and postpartum age. Each was stratified and entered as a factor in repeated measures analysis of variance. Birth weight was stratified based on current convention distinguishing very low birth weight, i.e. 51500 g (n = 15) versus > 1500 g (n = 21). The Hobel scale, a measure of morbidity, was stratified based on a median split (n = 18 in each group). Postconceptional age at testing (weeks) was divided into groups of 1 3 2 wk (n = 18) and >32 wk (n = 18), because this age seems to be associated with maturational changes in myelination of the vagus (24) . Postnatal age (days) was stratified based on testing in the first week of life (n = 16) versus later (n = 20).
No time x condition x risk interactions attained or neared significance for either birth weight, postconceptional age, or Hobel scale. This suggests that neither lighter, less mature, nor more ill infants responded differently to the treatment. There was a single significant interaction for HP and postnatal age [F(4,120) = 2 . 4 3 ;~ < 0.051. Examination of the plotted data reveals that this is a function of a divergence in HP values before introduction of the pacifier; HP in younger infants slowed significantly in the pregavage epoch after handling on the day of the pacifier condition. There is no explanation for this effect and it may best be viewed as a spurious finding relative to the large number of risk factor tests.
The effect of risk status on treatment efficacy for the episodic physiologic measures is somewhat different. Of the eight total bradycardic events without pacifier, seven were observed in older infants based on postnatal age [X' (n = 36) = 4.24; p < 0.051; thus, the decrease in these events associated with pacifier use was limited mainly to this group. There was no relation with birth weight, postconceptional age, or Hobel scale. Desaturative events during feeding without a pacifier were also more common in older infants [X' (n = 36); p < 0.051, whereas there was no difference based on birth weight, postconceptional age, or Hobel scale. Nine of these infants desaturated both with and without a pacifier and seven desaturated without the pacifier only, compared with five and one of the younger infants, respectively.
State Measures
Data from all 36 subjects were available for these analyses.
There were significant effects of handling and feeding on infant behavioral state; all overall F values were significant for time at p < 0.001. However, there were also significant treatment x time interaction effects for active sleep [F(3,102) = 7.30; p < 0.0011, quiet awake [F(3,102) = 2.90; p < 0.051, active awake [F(3,102) = 4.47; p < 0.0051, and fussiness [F(3,102) = 3.72; p < 0.011, indicating that these results cannot be discussed independently of the treatment effect because, unlike the physiologic measures, state was affected significantly by provision of a pacifier. Proportional data for the amount of time spent in each state for each period by treatment condition are presented in Figure 2 . Note that the remainder of the columns consist of drowsy state. This state was not included in the analysis to allow independence of the variables in the analysis because the proportional values for the six states add up to 100%.
In Figure 2A , which presents data in the two periods before pacifier introduction, there are no differences between the no pacifier and pacifier conditions. This is expected because the procedures were the same up to this point on each day. In general, onset of handling was associated on both days with significant reductions in quiet sleep [t (35) = 2 . 8 5 ,~ < 0.01 and t (35) = 3 . 1 6 ,~ < 0.011 and active sleep [t (35) = 2.55, p < 0.01 and t (35) = 4.09, p c 0.011 and an increase in fussiness [t (35) = 2 . 7 7 ,~ < 0.01 and t (35) = 2 . 8 3 ,~ < 0.011.
The pacifier was introduced during the gavage period, and its effect on state can be observed in Figure 2B . When provided a pacifier during feeding, infants spent significantly more time in active sleep [t (35) = 5.32; p < In the postfeeding period, the percentage of time in quiet sleep increased from baseline levels on both days. There were no differences in sleep states as a function of pacifier after feeding, but infants without a pacifier continued to spend more time in active awake and fussy states [t (35) = 2 . 0 5 ,~ < 0.05 and t (35) = 2 . 0 0 ,~ < 0.051. In addition, infants took significantly longer to return to a sleep state after initiation of gavage feeding when they were not provided with a pacifier (mean without pacifier = 11.4 min; mean with pacifier = 3.0 min; F(1,34) = 1 8 . 6 8 ,~ < 0.001).
There were no significant state x condition x risk measure interactions, indicating that birth weight, postconceptional age, Hobel scale, or postnatal age did not mediate the observed treatment effect. However, there was a significant interaction between treatment and postconceptional age for time to return to sleep state after feeding. The pacifier was somewhat more effective for infants younger than 32 postconceptional wk: it took them 14.0 min to return to sleep without a pacifier versus 2.0 min with a pacifier (F = 4.97; p < 0.05). For older infants, these times were 8.8 and 4.0 min, respectively. Birth weight, Hobel scale, and postnatal age were not associated with this measure.
Behavioral Measure
On average, infants displayed 3.8 defensive behaviors (SD = 1.7) to the gavage feeding. When infants were provided with a pacifier, they demonstrated significantly fewer defensive behaviors [mean without pacifier = 4.3; mean with pacifier = 3.3; F(1,34) = 7 . 2 0 ,~ < 0.011. There was no effect for birth weight, postconceptional age, Hobel scale, or postnatal age on the change in defensive behaviors.
DISCUSSION
The results of this study indicate that both handling and gavage feeding result in reductions of V, HP, and oxygen saturation in clinically stable preterm infants. HP and v remained significantly below baseline levels through the 4 min recorded after termination of the feeding, whereas SpOz recovered more rapidly. Other investigators have not documented a significant effect of gavage feeding on blood gas levels (4,7), but this discrepancy may be due to differences in measurement sensitivity to temporal changes in SpO, values. There is conflict between these findings and another report on the effect of gavage feeding on V, which found increased v in response to gavage for 65% of subjects (8) . However, that study did not standardize the gavage procedure across subjects and failed to assess the impact of pregavage handling on the response.
Although significant, the observed physiologic changes are not associated with clinically important alterations in mean levels (e.g. on average, SpO, decreased to 92.6% after handling). However, episodic destabilizing events were not uncommon; at least one episode of oxygen desaturation occurred during gavage in 59% of the observations, and brief bradycardia occurred in 13%. These transient bradycardic responses to gavage were also observed in an earlier report (8) .
Contrary to our original hypothesis, provision of a pacifier during gavage feeding did not alter these changes in HP, V, or oxygen saturation levels either during or after the feeding. Recent evidence confirms a lack of an effect of nonnutritive sucking on either cardiac measure in full-term infants under nonstressed conditions (25) . We did find that, for older infants, pacifiers were associated with significantly fewer episodes of bradycardia after tube insertion, and there was a trend for fewer episodes of oxygen desaturation with a pacifier. These results must be interpreted with caution because bradycardic episodes were relatively rare events, limiting the stability of statistical estimates. Although there was a trend for a pacifier to be associated with fewer desaturative episodes, 14 of these infants desaturated on both days, and two infants desaturated with the pacifier but not without it. The clinical significance of brief episodes of bradycardia and oxygen desaturation is currently being investigated (26, 27) .
Nonnutritive sucking significantly affected infant state and behavior. Infants reacted to preparatory handling with increased fussiness and less active or quiet sleep. When infants were provided with a pacifier at the beginning of the feeding, they spent one third of the amount of time fussing or crying and one quarter of the time in an active awake state compared with when they were not given a pacifier, and this pattern persisted through the postfeeding period. Furthermore, provision of a pacifier reduced the amount of time before the infant returned to a stable sleep state from 11.4 to 3 min.
There was no evidence that subgroups of preterm infants based on risk characteristics differed in responsiveness to nonnutritive sucking. The effect of the pacifier treatment on state and the lack of an effect on physiologic function did not differ among infants who were more or less mature (either postconceptionally or postnatally), were heavier or lighter at birth, or had fewer or more medical complications. This suggests that the observed phenomena are fairly robust and not a function of neuromaturation, at least within the restricted range of the sample.
These results indicate that nonnutritive sucking has a behaviorally soothing effect on preterm infants during gavage but does not significantly alter their physiologic response. This statement must be qualified somewhat by the tentative findings concerning reduction of episodic bradycardic and desaturative events. However, it is not possible to determine whether these periods of destabilization are reduced directly by autonomic mechanisms activated by nonnutritive sucking or indirectly through behavioral changes, such as the reduction of fussiness. Others have also failed to document specific mechanisms that might mediate the reported advantages in long-term use of pacifiers during gavage, including stimulation of trophic gastrointestinal or serum protein levels (20, 28) . Furthermore, nonnutritive sucking does not seem to alter ventilatory mechanics (29) . These findings suggest that if routine nonnutritive sucking enhances clinical course it may do so indirectly through alterations in behavioral state that are perhaps mediated by reductions in energy expenditure and not by immediate effects on autonomic regulation.
The discordant effect of nonnutritive sucking on physiologic and behavioral measures has been previously documented using different medical procedures. Pacifiers have been associated with decreased behavioral distress but not with changes in heart rate or respiration in response to heel stick in preterm infants in intensive care (12) . For full-term neonates, provision of a pacifier during circumcision has been noted to reduce behavioral distress but not to alter adrenocortical output (13) . There is thus converging evidence to suggest that, in neonates, nonnutritive sucking provides behavioral soothing of distress but does little to alter physiologic stress responses. This underscores the importance of documenting the effects of perinatal interventions in multiple response systems before reaching conclusions on efficacy.
Intermittent gavage feeding and monitoring of vital signs are necessary and routine aspects of intensive care, but these data indicate that procedures that are considered relatively benign may provide frequent periods of physiologic and behavioral destabilization in healthy preterm infants. The lack of an effect of nonnutritive sucking on HP, V, and oxygen saturation level can only be interpreted within this study design. That is, pacifier use during gavage was an occasional but not routine practice in this NICU. Thus, there is the possibility that infants who receive pacifiers with every feeding may develop a physiologic response pattern different from that observed here. Finally, the quieting effect of the pacifier on infant state requires examination. Episodes of crying and activity expend energy and may stimulate hypoxemia in vulnerable infants, and nonnutritive sucking seems to be a humane -intervention to alleviate behavioral distress. However, the rapid return to sleep after feeding associated with a pacifier may have unanticipated consequences, such as limiting availability for social interaction or supportive environmental stimulation. Physiologic and behavioral responsivity of preterm infants to iatrogenic stresses and their interventions may require interpretation within a developmental framework.
